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Abstract

This paper describes the development of a simple ac-
cess mechanism of a DAVIC-based VoD server, using
a WWW browser. A user can access the server sim-
ply by selecting the server’s Web address via a Web
browser. A menu enables the user to select VCR-like
buttons and send them via HTTP forms to the server.
The VoD server invokes a CORBAbased DSM-CC im-
plementationto actuallyperformthe requested opera-
tions.

1 Introduction

The Digital Audio-Visual Council (DAVIC) [1] has
adopted a set of standards to defi ne a framework for
digital audio and video services. This framework de-
fi nes a wide range of digital video applications with a
variety of communication bandwidth needs.

The fi rst application specifi ed by DAVIC is Video
on Demand (VoD). In order to do so, DAVIC has
adopted standards and specifi cations from several
standards bodies which include the ATM Forum Au-
diovisual Multimedia Services (AMS)[2] specifi ca-
tions, and the Data Storage Media Control and Com-
mand (DSM-CC)[3] specifi cations from the Moving
Pictures Experts Group (MPEG) standards. The for-
mer defi nes the MPEG-to-ATM mapping. The lat-
ter includes the specifi cation for the control functions

to access a VoD server. The DSM-CC architecture
uses a Common Object Request Broker Architecture
(CORBA) [4] as defi ned by the Object Management
Group (OMG) to implementRemote Procedure Calls
(RPCs).

In parallel to the DAVICactivities, the Internethas
beenexpandingexponentially, largely due to the popu-
larity of the World Wide Web (WWW). Web browsers
and the HyperText Markup Language (HTML) [5]
make it easy to access andpublish information on
the Web via the Internet. This paper presents a
DAVICbased VoD server which allows access viathe
Web, taking advantage of the wide availabilityof Web
browsers. VoD access via the Web represents an ideal
means to provide users with access to the more ad-
vanced DAVIC services while DAVIC networks are
being developed.

The paper starts with a brief discussion of the
DAVIC model for a VoD service. Section 3 presents
the extension to the DAVIC model for Web access.
This section is followedby acomplete VoDsystemar-
chitecture which is implemented at the National Insti-
tute of Standards and Technology (NIST). The proto-
type implementationdetails are described in section5.
Section 6 presents related research and ongoing work
atNIST.
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2 The DAVIC System

A general model of a DAVICcompliantVoD server is
shown in fi gure 1. DAVIC defi nes a system in terms
of information fl ows (e.g. S1, S2)and reference points
(e.g. A0,A1). OnlyDAVICdefi ned informationfl ows
S1 and S2 are shown, since they are responsible for
transferof the MPEGcontentandthe User-to-User(U-
U)DSM-CC commands, respectively. Other informa-
tion fl ows deal mainly with User-to-Network (U-N)
related issues which are not our primary interest. We
assume that the user already has access to the Internet
viaa Web browser. This means thatsome kindof U-N
relation already exists in order to enable Internet traf-
fi c.
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Figure 1: DAVICVoD Model

The DAVIC server consists of 2 main components
that are built upon a communication protocol stack:
theService Objects and theContent Source. The for-
mer consists of the DSM-CC service objects such as
Session, Directory, File, andStream services. These
services provide the basic building blocks for appli-
cations to establish a session and browse the server’s
contents. TheContent Source of the server in general
consists of MPEG 2 TransportStreams (TSs).

A simple scenario between the serverand a SetTop-
Unit (STU) to play a movie consists of a sequence of
service object invocations. After a session is estab-
lished, user information– suchas menus and graphics–
is retrieved from the server via directory and fi le ser-
vices. This information isexchanged viaDAVIC’s S2
fl ow. After a reference to the requested stream (i.e.
movie) object is obtained, a streamPlay request can
be made. This request will be followed by the estab-
lishmentof an S1 fl ow to transportMPEG data to the
STU.

The DAVIC S2 fl ow protocol stack can be built

upon a variety of underlying physical network archi-
tectures. Asynchronous Transfer Mode (ATM) pro-
vides the fl exible bandwidth over the physical link,
while ATM AdaptationLayer 5 (AAL5) togetherwith
Classical IPprovidethe network layer. The higherlay-
ers include the DSM-CC U-U and CORBA 2.0 speci-
fi cations. The S1 fl ow uses the same lower layeras the
S2 fl ow, butMPEG 2 TS packets are directly mapped
to AAL5/ATM [2].

3 WWW Access Extension

The scenario explainedin the previous sectiondemon-
strates how a DAVIC compliant STU can access a
DAVICVoDserver. S1 fl ows carry MPEG datawhich
can be based on pre-established Permanent Virtual
Circuits (PVCs) or Switched Virtual Circuits (SVCs).
The former eliminates the need for an interoperable
signallingstack. Control information isexchangedvia
the S2 fl ow which is implementedby aCORBA-based
DSM-CC U-U protocol stack and Classical IP. While
interoperabilityproblems may occuratthe IPlevel, in-
teroperability problems predominantly occur between
CORBA implementations. Interoperability between
implementations is still notguaranteedandmostSTUs
have not implemented a compliantS2 fl ow yet.

Internet Web browsers provide an easy-to-use and
fl exible tool to display textand/or graphical informa-
tion. The underlying language and communication
protocol, HTML and the HyperText Transfer Proto-
col (HTTP) respectively,are powerful as well as fl ex-
ible for the developer. Using a Web browser to ac-
cess a VoD server to browse available movies and se-
lect them for viewing provides a simple access mech-
anism, assuming the STU (or a workstation in combi-
nation with the STU) can use a Web browser.

Figure 2 shows the DAVICVoD model with a Web
access extension. TheContentSource andService ob-
jects are identical to fi gure 1. AWWW-DSM Access
object is added to handle user requests from the Web
browser.

The WWW-DSM object receives user commands
encapsulated in HTTPforms. After initial confi gura-
tion of the DSM-CC (e.g. getting access to the DSM-
CC, setting the proper directories, etc.), it converts
user requests into DSM-CC commands. The DSM-
CC server receives the converted commands and pro-
cesses them as if they came from a compliantDAVIC
STU. Note thatthe DAVICreference points and infor-
mation fl ows have been omitted from the fi gure since
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Figure 2: WWW Access Extension

they do notconform to the DAVICspecifi cations any-
more. However, the structure of the model fi ts directly
into the DAVICmodel.

4 System Architecture

The systemarchitecture shown in fi gure 3 follows the
model presented in the previous section. The server
consists of 4 components: the HTTPdaemon, WWW-
DSM Access, and the DSM-CC itself. The STU has
2 components: a Web browser and an MPEG decod-
ing/display component.
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Figure 3: System Architecture

The HTTP daemon accepts requests from Web
browsers to access information on the server. This
type of daemon runs continuously to handle requests.
Afterselectionof amovie in the VoDWebpage, aform
is sent to the server which is processed by the WWW-
DSM object. Communication between the WWW-
DSM and the HTTPdaemon is via the Common Gate-
way Interface (CGI). The CGI provides a means of
enabling scripts to handle incoming forms. Gateway

scripts process incoming forms and pass the informa-
tion to the WWW-DSM object.

WWW-DSM incorporates the client part of the
CORBA based DSM-CC, while the DSM-CC itself
incorporates the server part. It is responsible for de-
multiplexing incoming requests (from multiple Web
browsers) and converting them into the appropriate
DSM-CC requests. Because of the strictperformance
requirements (See [6]) for streaming MPEG data to
an STU, a separate stream pump componenthas been
included. The stream pump, controlled by the DSM-
CC, is capable of streaming multiple streams to mul-
tiple STUs . The DSM-CC and the stream pump in-
terfaces are specifi ed by the Interface Defi nition Lan-
guage (IDL). The DSM-CC IDL complies with the
DSM-CC standard [3]. The stream pump IDL is pro-
prietary, but resembles the DSM-CCStream IDL.

5 Implementation

NIST has implemented the Web access exten-
sion as shown in the previous sections. Figure 4
shows NIST’s VoD server Web page, available on-
line with the Universal Resource Locator (URL):
http://mace.ncsl.nist.gov/vod/nistvod.html. The page
is splitinto an upperandlower frame; theupper frame
for general information, thelower for user interaction
when viewing a movie. APlaybutton allows the user
to start playing the current selected movie. Other
buttons allow VCR-like playback functionality such
asPause andStop. A Skip option allows the user to
skip 60 seconds in the movie. More options, such as
FastForward andRewind are under development.

Perl scripts [7] implement the CGI to WWW-DSM
interface. The scripts process incoming forms and
pass commands via a simple Inter-Process Commu-
nication (IPC) mechanism implementation, such as
Berkely Sockets [11], to the WWW-DSM object.
WWW-DSM activates the appropriate DSM-CC ob-
jects when a newPlay request is received. This nor-
mally includes activationof theSessionservice to start
a new session and theDirectory/Stream services to
fi nd and open the appropriateStream object. Once a
reference to aStream objecthas been obtained, com-
mands such asPlay, Pause, etc. can be exchanged di-
rectly with the object. TheResetbutton shown in fi g-
ure 4 resets the stream objectand terminates the cur-
rentsession.

The DAVIC-based VoD server, implemented on a
UNIX-based workstation, uses a CORBA 2.0 com-
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Figure 4: NISTVoD Web Page

pliant DSM-CC implementation 1. As mentioned in
the previous section, the stream pump is a separate
component in the VoD server. A distributed stream
pump architecture enables the use of a heterogeneous
set of UNIX-based workstations to deliver Constant
Bit Rate (CBR) MPEG data to STUs. A multiple
stream pump controller automatically invokes multi-
ple workstations when more STUs request the recep-
tion of an MPEG stream. The controller normally re-
sides together with the DSM-CC on a single worksta-
tion,while streampumps canbe activatedonanumber
of workstations. The controllermaintains a registry of
available workstations and their capacity to distribute
requests properly.

Two experimental STUs demonstrate access to the
VoD server with a Web browser. A workstationbased
STU uses a software MPEG decoder/display while a
PC based STU uses a hardware decoder2. Upon se-
lectionof amovie,aconnectionis establishedbetween
the VoDserver(ormore precise, the streampump)and
the STU to carry the MPEG stream. The connection
is established either by invoking the appropriate sig-
nalling or by using a pre-established channel, such as

1The implementation of NIST’s testbed is a joined effort be-
tween NISTand Korean Telecom ResearchGroup.

2Integration of the hardware decoder with NIST’s testbed is
underdevelopment.

an ATM PVC. Transport protocols supported include
AAL5/ATM[2] and the Internetprotocols,TCP/IPand
UDP/IP.

The fi rst prototype of the NIST VoD server with
Web access has been was successfully demonstratedat
the DAVIC Interoperability Event, at Columbia Uni-
versity, New York City, USA, June 1996. NIST’s
serverenabledparticipants to access its VoDserverus-
ing a Web browser. Simple VCR commands, such as
Play, Pause, andStop could be exchanged via HTTP
forms for processing on NIST’s VoD server.

6 Related Research

While the Internet and WWW have great opportuni-
ties, they also have limitations. The Internettransport
protocol, TCP/IP, can currently not guarantee band-
width requirements, which are especially important
when transporting time sensitive data, such as audio
and video. HTTPforms are powerful to specify key-
words for search queries and other relatively simple
commands, but prove insuffi cient for more advanced
applications such as the VoD applications envisioned
by DAVIC.

Research on the ReSerVation Protocol (RSVP) and
smartcompressionalgorithmsare promising technolo-
gies to enable time critical applications to use the In-
ternet. However, a network that supports bandwidth
guarantees, such as envisioned by DAVIC, is critical
to enable an S1 fl ow to the customer’s premises.

Java [8] can provide the other part of the solu-
tion. Its Object-Oriented (O-O) character matches the
CORBA-based DSM-CC, while most common Web
browsers provide a Java run-time environment. Prod-
ucts are already available that enable DSM-CC im-
plementations in Java. Since Java is platform inde-
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Figure 5: NISTPrototype Testbed
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pendent, one single Java program can run on a vari-
ety of platforms. Implementing the STU component
of the DSM-CC in Java has the potential to allow ac-
cess viaa Web browserwhile maintaining compliance
with DAVIC’s S2 fl ow.

A paper, “ A VoD Application Implemented in
Java” [9], discusses a complete Java based approach.
This means that in addition to the DSM-CC imple-
mented in Java, all user menus and interfaces to
browse the VoD server’s content are implemented by
Java objects, too (versus MHEG-5 objects [10]). A
prototype is being developed at NIST to demonstrate
feasibility of this approach.

7 Conclusions

This paper describes a simple extension to a DAVIC-
based VoD system to enable access by Web browsers.
The extension uses HTTP forms to send requests to
the server. Processing of the requests is performed
via a WWW-DSM object, using HTTP’s CGI. The
main purpose of this extension was to enable S1 fl ow
testing between systems with incompatible S2 fl ows.
Since Web browsers are widely available for any plat-
formandprovide facilities to process userrequests,the
mechanism is low-cost and simple. A prototype tes-
bed, which includes a VoD serverand STUs, has been
developed atNISTwhich demonstrates the feasibility
of the approach.

Enabling a Web access extension should neither be
seen as a replacementfor, noran alternative to, using a
DAVIC-compliantS2 fl ow. The S2 fl ow, implemented
with a CORBA based DSM-CC, is more fl exible and
powerful compared to the relativelylimitedandsimple
forms exchange via HTTP. However, in the interim,
while DAVICcompliantsystems are scarce and Inter-
net capable systems are widely available, it provides
a simple and low-cost extension to access a DAVIC-
based VoD server with an STU that does not support
compliantDSM-CC capabilities.
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